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is higher. On the other hand, we fail to find robust
evidence for the transmission of COVID-19-induced
shocks via backward linkages.
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1 | INTRODUCTION

As a result of the COVID-19 pandemic, the global economy contracted sharply by —3.3 percent
in 2020," whilst all regions were predicted to suffer double-digit declines in exports and imports,
they only decreased by 5.3% due to a strong rebound in the second half of the 2020.* European
Union was among the most affected economies, with a drop in GDP by 6.3 percent in 2020.?
Estimates of the expected recovery of Europe were uncertain, with outcomes depending signifi-
cantly on the duration of the outbreak and the effectiveness of the policy responses, in particular
the vaccination rollout. An economic downturn, increased uncertainty and simultaneous supply
chain disruptions have been putting tremendous pressure on the reorganisation and reconfigura-
tion of the global value chains (GVC hereafter). COVID-19 has hit at the core of GVC hub re-
gions, including Europe, China and the United States.

The lessons from past global crises and shocks, such as global and financial crisis (GFC here-
after) in 2008 and the Japanese earthquake/tsunami in 2011, showed that companies react by
reorienting their sourcing strategies towards more diversification of risk and breaking the value
chains into shorter and less complex ones (OECD, 2013). However, the COVID-19 crisis differs
from the GFC mainly in that it involves lockdown and social distancing which has led to major
GVC disruptions. Trade is likely to fall more steeply in sectors characterised by complex value-
chain linkages, particularly in electronics and automotive products. This is closely related to the
nature of certain jobs that cannot be sufficiently performed remotely, leading to lower industry
output, consequently amplifying trade effects due to supply chain linkages. Using survey data
for the US, Dingel and Neiman (2020) estimated an upper bound share of jobs in manufactur-
ing that can be performed remotely at 22%, which helps explain negative trade effects from ex-
porting countries due to lesser export supply as a consequence of imposed measures. Palomino
et al. (2020) argue that lockdown restrictions will potentially lead to uneven wage losses both
within the as well as among the European countries, with the essentiality and teleworking levels
being higher on average in Northern and Central European countries.

On top of that, as pointed out by Evenett (2020), a troubling trade policy dimension has been
coming to light. Over 80 countries have introduced export prohibitions or restrictions as a result
of the COVID-19 pandemic, predominantly on medical supplies, pharmaceuticals and medical

! Available at https://www.imf.org/en/Publications/WEO/Issues/2021/03/23/world-economic-outlook-april-2021

%Available at https://www.wto.org/english/news_e/pres21_e/pr876_e.htm

*Available at https://www.oecd.org/economy/euro-area-and-european-union-economic-snapshot/
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FIGURE 1 Monthly exports (intra- and extra-EU) of EU-28 according to BEC (indices defined as Export,/
Export,_;,%100). Source: Authors’ calculations based on the Comext database (Eurostat, 2020)

equipment, but also additional products, such as foodstuffs and toilet paper.* At the same time,
politicians' calls for ‘sovereign’ or ‘national’ supply chains and re-thinking of domestic compa-
nies' approaches to international outsourcing of production are becoming louder (Seri¢
et al., 2020). These processes and developments might lead as well to the break of the existing
GVCs and their readjustment.

Friedt and Zhang (2020) estimated that GVC contagion effect explains around two-thirds
of the total reduction in Chinese exports, thus providing support for the decisive role of GVC
participation in the trade response to the COVID-19 pandemic situation. In line with this
observation, Figure 1 placed later in Section 3.5 illustrates that during the first wave of the
pandemic EU member states overall recorded the largest decline in trade with intermediated
goods. However, at least at first glance, the differences in trade contraction at the beginning
of the second quarter of 2020 between EU member states do not reflect differences in the in-
cidence of COVID-19 cases. For instance, despite having relatively fewer COVID-19 cases per
capita, the new EU member states experienced above-average import and export contraction
(see Figures 2 and 3 in Section 3.5). A relevant question is whether this discrepancy can be
explained by differences in GVC participation and position among member states. According
to World Development Report 2020, the type of GVC participation significantly differs among
the EU member states. While most of the old EU member states are specialised in innovative
GVCs activities, CEE-11 are mostly specialised in advanced manufacturing and services GVCs
with a high share of manufacturing and business services exports and high backward GVC in-
tegration. Overall, the old member states occupy a more upstream position in GVCs compared
to the new EU member states.

Understanding the severity and nature of trade collapse in EU member states in the wake
of the COVID-19 pandemic requires knowledge about the structure of value chains and sub-
sequent level of integration by countries. In this paper, we aim to add to the growing literature

“*More on this https://www.wto.org/english/tratop_e/COVID19_e/export_prohibitions_report_e.pdf
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FIGURE 2 Percentage change in trade in intermediate goods (YoY comparison April 2019-April 2020).
Source: Authors’ calculations based on the Comext database (Eurostat, 2020)

on pandemic-induced disruptions to manufacturing activity and trade flows by empirically
assessing how inclusion and position in GVCs determine trade adjustment to COVID-19-
induced shocks during the first wave of the pandemic. We test different trade-related trans-
mission mechanisms of COVID-19 shocks based on bilateral trade data for both final goods
and intermediates of EU member states over a five-year period, that is from June 2015 to
September 2020. We adjust the gravity model to high-frequency monthly bilateral trade data.’
The use of high-frequency monthly data is important because annual trade data do not cap-
ture the short-term effects of shocks that occur very rapidly, such as COVID-19 pandemic, and
short-lived and rapidly changing policy measures. Monthly data, on the other hand, can cap-
ture all rapid movements associated with COVID-19 measures and allow for differentiated
shocks in terms of months and countries (Espitia et al., 2021). To account for different mech-
anisms, we distinguish between demand and supply shocks that originate either domestically
or in the partner country. We also characterise the latter based on the country's GVC position,
accounting for the possibility of transmission through forward and backward GVC linkages.
The impact of the pandemic COVID-19 is captured by either the infection rate or policy strin-
gency index.

Our work is closely related to Baldwin and Freeman (2020), Baldwin and Tomiura (2020), and
Friedt and Zhang (2020) who investigate the so-called triple pandemic effect on trade through
the pandemic-induced domestic supply, international demand and GVC contagion shocks. While
the former two papers are conceptual, the latter also tests the triple pandemic effect on Chinese

>Some other studies, e.g., Friedt and Zhang (2020). Espitia et al. (2021), Hayakawa and Mukunoki (2021a, 2021b), also
use monthly trade data to study trade response to the pandemic COVID-19 in the context of a gravity model.
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FIGURE 3 Cumulative cases of COVID-19 per 100,000 inhabitants on a country level (period January—
April 2020). Source: Authors’ calculations based on the European CDC data (ECDC, 2020)

provincial exports in the context of a gravity model in which the GVC contagion effect is a con-
sequence of coronavirus-induced disruptions to foreign suppliers (i.e. via backward linkages).
Similar to our work, Espitia et al. (2021) study the impact of the COVID-19 pandemic on EU
member states’ trade using a gravity model based on monthly data. However, their focus is on
cross-sector differences in the adaptive capacity to remote work in the transmission of COVID-19
shocks. They find that sectors with a higher share of occupations that can be performed remotely
were less affected, with GVC participation increasing vulnerability to shocks from trading part-
ners but reducing vulnerability to domestic shocks. Hayakawa and Mukunoki (2021b) also ex-
amine the GVC transmitted effects of the COVID-19 based on a gravity model using monthly
bilateral trade data. However, they do not distinguish between forward and backward linkages
and focus only on COVID-19 shocks in supplier countries.

A number of studies have provided additional evidence on the impact of supply and demand
shocks on trade, taking a single-country perspective and not explicitly considering supply chain
linkages. Biichel et al. (2020) focused on Switzerland and found that the country's trade decline
depends mainly on domestic and foreign demand shocks. Similarly, Liu et al. (2021) concluded
that negative demand effects in both dimensions (direct and indirect effects of the pandemic and
response measures) predominate when using year-over-year monthly growth in imports from
China at the HS 6-digit product level. Another strand of the relevant literature examines the
transmission function of GVCs from the perspective of their impact on real economic activity and
prices (Meier & Pinto, 2020), output adjustments to cross-sectoral effects of labour supply shocks
(Bonadio et al., 2020; McCann & Myers, 2020), and aggregate welfare, through both deaths and
reduced gains from trade (Antras et al., 2020). Other literature on demand and supply shocks
includes Farhi and Bagaee (2020) who study how COVID-19 induced supply and demand shocks
affect real economic variables and Hassan et al. (2020) who identify negative demand shock and
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supply chain disruptions as one of the prevailing concerns when conducting a firm-level analysis
of earnings’ calls.

What distinguishes our work from the above is that we consider a full set of domestic and for-
eign demand and supply shocks that are transmitted either directly or indirectly through supply
chain linkages in both the backward and forward directions. In addition, we distinguish between
different types of monthly bilateral trade by broad economic categories, that is trade in consumer
goods, intermediate goods and capital goods.

The rest of the paper is organised as follows: Section 2 discusses transmission mechanisms of
COVID-19 shocks through supply chain linkages. Section 3 sets gravity-model-based empirical
specifications, discusses methodological issues and presents stylised facts on trade performance
and COVID-19 pandemic situation across EU member states. Section 4 shows the estimates and
discusses the results of the COVID-19 impact on bilateral trade flows and provides some robust-
ness checks. Section 5 concludes the paper.

2 | BACKGROUND ON GVC LINKAGES AND
TRANSMISSION OF COVID-19-INDUCED SHOCKS

In many countries, several drastic measures have been taken in response to the COVID-19 pan-
demic, such as lockdowns and social distancing, with direct impact on both the demand and the
supply side of the domestic economy and thus on its trade performance. Moreover, due to strong
supply chain linkages, the COVID-19-induced shocks spread quickly across countries. Baldwin
and Freeman (2020), Baldwin and Tomiura (2020), and Friedt and Zhang (2020) conceptualise
this diverse set of effects as the ‘triple pandemic effect’ on trade through direct supply disrup-
tion due to various containment efforts, the supply-chain contagion due to the disruptions of the
international flow of intermediate inputs, and the decline in global demand due to reduction in
consumer spending and investment delays.

We build upon this classification by further acknowledging that supply and demand shocks
transmit through the GVC linkages in both directions via forward and backward linkages, that is
upstream and downstream, giving rise to complex interplay of the trade effects of the COVID-19
pandemic which we summarise in Table 1. Based on their position in GVCs, countries can be
classified as more upstream or downstream, each category of countries being subject to different
dynamics of shock transmission.

On the supply side, lockdown measures, subsequent closing of local businesses as well as fear
of infection result in a labour supply shock. On a domestic level, lockdown-induced labour supply
shock is manifested in lower export supply due to lower output. Moreover, labour supply shocks
in partner countries affect domestic trade through (see Table 1): (i) lower domestic imports of
final consumption goods due to ravaged supply in a partner country, and (ii) reduced imports of
intermediates via backward linkages, that is supply-chain disruption from foreign upstream sup-
pliers conveyed to domestic downstream customers. For instance, Bonadio et al. (2020) showed
that a quarter of the average real GDP downturn due to lockdown-induced labour supply shocks
could be attributed to the transmission through global supply chains.

On the demand side, increased uncertainty and declines in household disposable income
propagate lower demand for products, especially consumer goods, which means lower import
volumes. Here, government benefits play an important role. For the analysis of the UK con-
sumption patterns during the COVID-19 pandemic, Hacioglu-Hoke et al. (2021) use transaction
data from a financial service provider to find that the more affluent consumers reduced their
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spending by an amount larger than the fall in their income, while on the contrary, consumers
with lower income saw a decline in spending lesser than their respective decrease of income. By
analysing text-based measures of the costs, benefits, and risks firms associate with the spread of
COVID-19 disease in the first quarter of 2020, Hassan et al. (2020) confirmed that collapse of de-
mand and increased uncertainty were among firms' primary concerns. Transmission of demand-
side shocks from partner countries come through multiple channels, trade in final goods and
supply chain trade (intermediates and capital goods). While the impact on trade in final goods
is relatively straightforward, corresponding directly to the decreased exports to partner country
which experiences a demand shock (i.e. partner country's demand shock resulting in lower im-
ports will translate directly to lower domestic exports), supply chain trade transmission depends
upon the GVC interrelations. In particular, the demand-side shock in a partner country leads
to lower demand for intermediates sourced from upstream domestic suppliers through forward
GVC linkages, and hence lower exports of intermediates from the domestic market to the partner
country. We summarise in Table 1 these potential channels and the expected effects of COVID-19
on trade.

Friedt and Zhang (2020) estimated that the impact of GVC contagion explains around 75%
of the total reduction in Chinese exports, while the domestic supply shock in China accounts
for around 10%-15% and the international demand shock only explains about 5%-10%. McCann
and Myers (2020) studied the nature of transmission of COVID-19 shock through inter-sectoral
supply-chain linkages and found that in particular upstream sectors without direct COVID-19
exposure containment policies can still be affected if their downstream (customer) firms suf-
fer acute revenue losses, while the transmission from upstream suppliers to downstream firms
is likely to be smaller. In line with this evidence, we expect that transmission of supply-chain
shocks operates primarily from downstream customers to their upstream suppliers. It does so
by initially affecting the exports of the intermediate goods via forward linkages. On the other
hand, Meier and Pinto (2020) provide indirect evidence of the transmission of shocks through
backward linkages. They found that US sectors with greater exposure to intermediate goods im-
ports from China contracted significantly more than other sectors coupled with their relative
input and output price increase. Regarding the direct impact of the COVID -19 crisis, Hayakawa
and Mukunoki (2021a) found significant negative impacts of COVID-19 on international trade
of both exporting and importing countries in the early phase of the pandemic, which tended to
become insignificant from July 2020, especially in importing countries.

3 | CONCEPTUAL FRAMEWORK, METHODOLOGY
AND DATA
3.1 | Gravity model framework and transmission of COVID-19-

induced shocks via GVC linkages

The identified channels of COVID-19 trade effects are tested based on gravity model, a work-
horse model for testing various determinants of international trade and the effects of trade policy
measures. It adopts the logic of Newton's law of universal gravitation stating that trade between
two economic areas will be directly proportional to the product of their market sizes (e.g. GDPs)
and inversely proportional to the square of the distance between their centers. We follow the
approach of Anderson and van Wincoop (2003), who showed that proper specification of the
gravity model grounded in the trade theory requires the inclusion of the inward and outward
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multilateral resistance terms (MRTs), which take into consideration how ‘remote’ both regions
are from the rest of the world. The main idea is that bilateral trade flows between trading part-
ners ‘I’ and %" depend on bilateral trade barriers relative to the average trade barriers that both
trading partners face with all their trading partners. Their formulation of the structural gravity
equation, which is the basis for almost all subsequent papers using gravity models to explain
bilateral trade flows, is as follows:

1-0
Y., Y: t;:
trade;, = L vt , €Y)
Y, 4 itPjt

where Y and Y}, stand for particular countries’ GDP and Y for the world aggregate GDP, while ¢,
stands for the tariff equivalent of overall trade costs. The elasticity of substitution between goods is
represented with o, while r;; and Pj, represent MRT (in other words - exporter and importer ease of
market access).

As noted earlier, the COVID-19 pandemic represents both a supply and demand shock to
exports, with the former reflected in changes in origin country GDP and the latter in changes in
destination country GDP (Baldwin & Tomiura, 2020). The supply- and demand-side GDP shock
is captured by time-varying importer and exporter fixed effects. Since it is highly likely that the
differential GDP dynamics during the first wave of the pandemic cannot be fully captured by
the exporter(importer)-year fixed effects, we will additionally consider monthly varying exporter
and importer fixed effects. In addition, the COVID-19 shock also affects bilateral trade flows by
raising trade costs between countries. As argued by Hayakawa and Mukunoki (2021a), the dis-
ruptions in the transportation sector, for example due to the absence of truck drivers and dock
workers or due to lockdown measures, delay transportation and increase freight costs. To account
for the impact of COVID-19 on bilateral trade costs between country i and j, the empirical spec-
ification is augmented with COVID-19 pandemic situation in reporting and partner countries to
test for both direct impacts and indirect impacts through supply chain linkages, as summarised
in Table 1.

The supply chain linkages are captured with GVC participation indices which measure
to what extent are countries involved in a vertically fragmented production and resulting
supply chain trade flows. The GVC participation is decomposed in the two indices: forward
participation (FP) and backward participation (BP). Forward GVC participation refers to the
type of participation where an economy joins the global production by exporting domesti-
cally produced inputs to partners who are in charge of downstream production stages, while
backward GVC participation is the type of integration where the country participates by im-
porting foreign inputs to produce the goods and services for its export. Backward linkages
are measured as foreign value-added (FVA) in domestic exports, while forward ones by the
domestic value-added embodied in foreign exports (DVAFX). Hence, the FVA in the exports
indicates the country's ‘downstreamness’ in global production chains and the DVAFX indi-
cates ‘upstreamness’.

The GVC indices are calculated using the following equations:

DVAFX;;,
=——2.100 2
grossEX;,

FVA
BPjj; = ——— +100
grossEX;, (3)

FPy,

ijt
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where DVAFXj;, in Equation [2] denotes domestic value-added of country i embodied in ex-
ports of country j in a year t, and FVA;;, in Equation [3] represents foreign value-added of a
country j embedded in exports of a country i. GrossEX;, represents gross exports of a country
i in that same year.

To portray the bilateral GVC position of EU countries, we use the log ratio of a country's FP
and BP as proposed by Koopman et al. (2010). The higher the value of the ratio the more upstream
position in the GVC a country holds. This measure characterises the relative upstreamness of
a country by comparing the importance of forward and backward participation, as opposed to
‘distance to final demand’ based measures, proposed by, for example Fally (2012) and Antras
et al. (2012), which measure how many stages of production are left before the goods or services
produced by an industry reach their final consumers. We adjust the GVC position measure to be
country-pair specific by using bilateral participation indices that we specified in Equations [2]
and [3].

Upsteamness;; = Ln(1 + FPy;, /100) — In(1 + BPy, /100) (4)

To account for the impact of the COVID-19 pandemic situation in domestic and partner countries
on bilateral trade both through GDP and trade costs we augment gravity model specification [1] in
the following way:

trade;, = exp{p,COVID; + f,COVID;,+ f3FPy; + B4 BP;j, + fsGVC_China; + o FP;#COVID;,
+B7BPyi#COVID;; + foGVC_Chinay #COVID)+y;+7i+7ji+7,} *€5 (5)

where tradey, denotes export and import flows between countries i and j in time ¢, while COVID
counts the number of infected people per 1000 population in the reporter (i) and partner (j)
country in period ¢ to account for domestic and foreign supply and demand COVID-19-induced
shocks.® As explained above, FPy, and BP;; indicate bilateral FP and BP based on Equations [2]
and [3], respectively, while their interaction with the number of infected people per 1000 pop-
ulation in partner country tests the presence of supply-chain transmission of shocks from part-
ner country to domestic exports/imports via both forward and backward linkages. We further
include the share of China in the EU member state's trade of intermediate goods (GVC_China;,)
and its interaction with the COVID-19 cases in partner country to account for the “indirect”
impact of participation in Chinese GVCs on the transmission of shocks from the particular
partner country. As shown by Meier and Pinto (2020), US sectors with greater exposure to in-
termediate goods imports from China contracted significantly more than other sectors.
Moreover, the response of countries to the COVID-19 pandemic varies in terms of the strictness
of the measures. We expect that the severity of the COVID-19 shock is related as well to the
policy response in an affected country. Therefore, we adjust the empirical specification [5] and
replace the number of COVID-19 cases (COVID cases) with the policy stringency index (Policy
stringency) to test how the trade effects and transmission of shocks through GVC linkages are
related to the stringency of the COVID-19 measures in reporter and partner country.

Our specification [5] further includes a wide set of dummy variables: y; denotes dyad (reporter-
partner) fixed effects controlling for time-invariant country-pair characteristics impacting trade,

®For benchmark, simple empirical specification with covid_period dummy variable is estimated to test the general drop
in trade during the first wave of the COVID-19 pandemic situation. The covid_period dummy variable takes value one
during the Covid-19 pandemic situation, i.e. from February 2020 on, and zero otherwise.
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such as distance (Distance) measuring log value of the weighted distance between country i and
country j, and dummy variables indicating whether countries i and j share a common border
(Contiguity), language is spoken by at least 9% of the population in both countries (Common
language), have had a common coloniser after 1945 (Common coloniser), have had a colonial re-
lationship after 1945 (Colony), were/are the same country (Same country). v, and y;, represent
reporter-time and partner-time fixed effects controlling for time-varying inward and outward
MRT, respectively.” Finally, 7, presents time (both annual and monthly) fixed effects. Specification
[5] is estimated in log-linearized form.

3.2 | Methodological issues

There are certain potential econometric concerns of estimating gravity model in a panel data
set that deserve discussion. The first issue that arises in our estimation is zero trade values that
are relatively common in the trade matrix and are dropped from the OLS model due to the un-
defined logarithm value of number zero. Ignoring this issue might result in inefficient and bi-
ased estimates. To deal with this issue of zero values, we use the Poisson Maximum Likelihood
Estimator (PPML), which effectively solves this potential selection bias (Burger et al., 2009). The
next issue is a problem of endogeneity (see Baier & Bergstrand, 2007 for discussion). Contrary
to exogenous variables, endogenous variables are systematically affected by the changes in other
variables within the model. Among the gravity equation variables in our specification, the GVC
indices are most likely candidates for endogenous variables. To reduce the risk of endogeneity
in our specifications, we use a wide set of fixed effects and lag the FP and BP participation indi-
ces. Furthermore, GDP and COVID-19 variables are entered in the model in their lagged forms
due to potential simultaneity. Third, following the abovementioned findings from Anderson and
van Wincoop (2003) multilateral trade-resistance terms (MRT) are also important when esti-
mating the gravity model. Under MRT, we understand several different trade barriers that a
country faces in trade with all its trading partners, and not just with one particular partner.
Without respecting the MRT the only factors that influence the trade between countries i and j
are included in the analysis, which is creating a so-called omitted variable bias in the intuitive
equation. To control for MRT, we use a wide set of fixed effects including time-varying reporter
and partner fixed effects, country-pair fixed effects, and annual and monthly fixed effects. In ad-
dition to year-specific reporter and partner country fixed effects, we take advantage of monthly
data that allow us to control for monthly varying inward and outward MRT. We implement
Poisson pseudolikelihood regression with multiple levels of fixed effects as described by Correia
et al. (2020), which is robust to statistical separation and convergence issues and allows any
number and combination of fixed effects and individual slopes based on procedures developed in
Correia et al. (2019). Moreover, the estimations under [5] are obtained through the clustering on
the country-pair indicator variable and are therefore robust to cross-sectional heteroscedasticity
and serial correlation.

"De Mello-Sampayo (2009, 2017) proposes an alternative approach of accounting for the multilateral resistance within
competing-destination gravity model that explicitly addresses the interdependencies from gravity of the other trading
countries. It adds a competition factor defined as the economic distance-weighted sum of all other supplier countries’
characteristics in supplying a product. Since high frequency (i.e. monthly) data that would capture the economic
distance properly are not available, we follow the conventional approach and account for MRT by a wide set of dummy
variables on top of the forward and backward linkages between the respective country pair.
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3.3 | Dataand descriptive statistics

The empirical specification [5] is applied to monthly bilateral trade data of EU member states
covering a five-year period, that is from June 2015 until September 2020. We focus on the trans-
mission of COVID-19 shocks during the first wave of a pandemic for which a full dataset is
available to us. Gross trade data used in the analysis is obtained from the Comext trade database.
It includes monthly intra- and extra-EU export and import flows, that is trade of 28 EU mem-
ber states with other member states and all third countries, that are grouped into three product
categories according to their broad economic purpose (BEC classification): intermediates, con-
sumption and capital goods. The data on the nominal GDP of destination/origin countries were
taken from the World Development Indicators database (The World Bank, 2020), while bilateral
distances and several country-pair dummy variables from the CEPII database (Head et al., 2010;
Head & Mayer, 2014).

Data for the number of affected people and deaths caused by COVID-19 are taken from
the European Centre for Disease Prevention and Control. Their data is sourced from health
authorities worldwide, comprising from, but not limited to, official reports from countries'
ministries of health, public health institutes, World Health Organisation, and other national
authorities. Stringency index obtained from Hale et al. (2020) is comprised of additive ordinal
scale data indicators including but not limited to closures, stay at home orders, contract trac-
ing, international travel controls and testing policies. The information is quantified based on
publicly available information on government responses before and following the outbreak.
Data are informative and thus do not represent the effectiveness or appropriateness of imple-
mented measures (Hale et al., 2020). For the purpose of regression, obtained data were on a
daily level and were consequently transformed into monthly data using the weighted average
method.

To calculate the GVC indices, we use data from the Eora Multi-Region Input-Output (MRIO)
database (henceforth referred to as Eora; see Lenzen et al. (2012) and Lenzen et al. (2013)), which
has a considerably broader geographic coverage than the TiVA database. It includes virtually all
countries in the world and starts in 1990. Thus, it also provides information on countries with-
out I-O tables based on optimisation algorithms for estimating intra- and interregional trans-
action matrices for all countries worldwide. Additionally, the robustness check estimations are
performed on the TiVA database that excludes non-OECD partner countries from our sample
(OECD, 2020).

3.4 | Some stylised facts on EU trade during COVID-19 pandemics

As per the data published by the Comext database, trade between the EU member states and with
third countries has decreased notably following the COVID-19 outbreak. A decline in the total
intra- and extra-EU exports was led mostly by the decrease in exports of intermediate and capital
goods, i.e. supply chain trade, as presented in Figure 1, which plots year on year relative changes
in monthly exports of the EU member states. We can observe that the negative trend in exports
of intermediate goods prevailed already in the second half of 2019, except for December. With
the outbreak of the COVID-19 pandemic, supply chain exports (i.e. exports of intermediate and
capital goods) further dropped sharply by over 30% compared to their 2019 levels, reaching the
lowest value in April and May 2020, before rebounding to about 90% of the previous year's value
by September 2020.
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In Figures 2 and 3, we depict relative changes in trade for each European country, comparing
the April 2020 values to those in April 2019 to present the trade situation that unfolded at the
peak of the first wave of the pandemic when the trade collapse was the most apparent. Further
division to relative changes to exports (Figure 2a) and relative changes to imports (Figure 2b)
aims to portray different initial dynamics that may be dominantly affected by either supply or
demand shock. Figure 3 presents cumulative COVID-19 cases per capita for the EU member
states in the time span from January through April 2020. Notably, Central and Eastern European
Countries (CEECs) had seen a lesser number of cases, while Luxembourg, Spain, and Belgium,
respectively, had the most officially confirmed cases per capita.

We can see that despite having relatively fewer COVID-19 cases per capita, peripheral coun-
tries nonetheless experienced a significant import and export contraction. In April, for instance,
a CEE country, Slovakia, had an average of 25.50 cases per 100,000 inhabitants, one of the lowest
among the member states, yet its trade in April 2020 contracted more than in the average EU
country compared to the level for a year ago. The imports decreased by 46.6% on a year-on-year
basis while the exports sector experienced a 40.9% reduction. For reference, Spain ranked 2nd
among cases per capita and had a decline of 37.4% for imports in intermediate goods and approx-
imately 40% decline in exports. Germany, the largest EU economy, had the 10th highest cases per
capita among the EU countries and saw a 26% decline in imports and exports of intermediate
goods. An interesting case was Bulgaria, a country with then the lowest number of officially
recorded cumulative cases per capita. In Bulgaria, imports fell by almost 32% while the exports
decreased by a much lower amount (16.2%). While some countries, like Spain and Italy, saw an
above-average rise in the number of cases early on, other countries did not experience a surge
until later on.

These figures imply remarkable differences in trade contraction between member states,
which cannot be directly linked to the severity of the pandemic situation in terms of the number
of COVID-19 patients. There is a complex relationship between infection rates, lockdowns and
other government-imposed restrictions, and participation in GVCs on the one hand, and trade
contraction on the other. We expect countries that have imposed strict lockdowns for fear of
increasing infections and at the same time are heavily involved in GVCs to experience a greater
decline in trade in intermediates. Indeed, the correlation coefficients reported in Table 2 confirm
a strong and significant negative correlation between the severity of policies and trade indices,
especially for trade in intermediates. The correlation between the year-to-year change in trade
and the number of COVID-19 cases per capita also becomes negative and significant with a one-
month lag. Besides, the correlation between the upstream position in GVCs and imports also
tends to be negative, with more upstream positions associated with a higher decline in trade. To
explore the COVID-19, GVC position, and trade nexus further, our econometric analysis in the
next section focuses on the aspect of shock transmission and supply chain amplification during
the period of lockdowns and government-imposed restrictions.

4 | EMPIRICAL RESULTS
4.1 | Baseline results for total export s and imports
In this section, we present the results for the transmission channels discussed in Section 2 and

summarised in Table 1. First, we focus on total imports and exports. In Tables 3 and 4, we pre-
sent results based on the per capita number of COVID-19 cases for total exports and imports,
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respectively, while in Table 5, we alternatively consider the policy stringency index. As expected,
the results confirm the general drop of approximately 21% in total exports and 24% in total im-
ports during the pandemic time, that is from February to September 2020, as indicated with the
significantly negative coefficient for the COVID period dummy variable (Tables 3 and 4, column
1). Furthermore, there is a highly significant, negative impact of per capita number of COVID-19
cases both in reporter and partner country on imports and exports indicating the presence of
both supply and demand shocks.

The impact of COVID-19 incidence strengthens with a one-month lag in particular for the
domestic number of cases. The exports decrease by more than 1% if the number of domestic
COVID-19 cases increases by 10 per 1000 population in a previous month (Table 3, column 3),
while the same increase in the COVID-19 incidence in partner country reduces domestic exports
by 0.3%. Introducing COVID-19 as a lagged variable is important as many of the effects of an
increased number of cases have a time component (i.e. a government imposes stricter measures
and lockdowns after the spike). The response of exports to a one-month-lagged COVID-19 count
in the origin country is bigger than in the destination country. This shift might be attributed to
the fact that less stringent measures were imposed at the beginning of the pandemic. Once gov-
ernments tightened measures, there was a labour supply shortage and production halted, result-
ing in a lower export supply as a response to the lagged number of COVID-19 cases. Similarly,
after lockdown measures were lifted output increases, which was reflected in increased exports
in the next month's statistics. On the other hand, the impact of an increase in the number of
COVID-19 cases in the destination country is not elevated that significantly with elapsed time,
suggesting that demand induced shocks through contraction of partner country's imports play
an immediate role in transmission. Similar conclusions emerge for imports, with the impact
of COVID-19 cases in the origin and destination countries becoming stronger for the lagged
COVID-19 variable (columns 2-3 in Table 4) and more so for the domestic country.

Comparing regression coefficients of interaction terms between GVC indices, accounting for for-
ward and backward linkages, and COVID-19 cases in a partner country, we observe that FP interac-
tion plays a statistically significant role and is more prominent and instant when it comes to exports
(Table 3). Strong bilateral forward linkages reinforce the negative impact of the COVID-19 cases
in the destination country on home exports implying the transmission of the COVID-19-induced
shocks from foreign downstream customers to more upstream domestic suppliers. We expect this
channel to be particularly relevant for the supply-chain exports, which we test on the disaggregated
trade flows according to broad economic purpose in the next step. The forward linkage channel re-
mains significant even after the demanding specification with monthly varying reporter and partner
country fixed effects (Tables 3 and 4, column 7). These results are in line with findings by Berthou
and Stumpner (2022) in that forward linkages play a vital role in the transmission of demand shocks
through GVCs. The impact of FP for transmission of COVID-19-related shocks can be explained
through the GVC composition. With higher bilateral forward participation, the country has a larger
share of its domestic value added relative to its gross exports embodied in exports of a particular
partner country. Since the home country's exports are reliant on the exports of a partner country,
the decrease in exports of a partner country, and hence its demand for intermediate goods from
the domestic country, will have an amplified effect on the home country's exports. Consequentially
with the elapsed time, this channel leads to a larger contraction of imports as well confirmed by
significantly negative interaction term in case of considering lagged COVID-19 cases in import spec-
ification (column 6 in Table 4), but which is not robust to the inclusion of monthly varying MRTs
(column 7 in Table 4). On the other hand, we have not found any empirical support for transmission
of COVID-19 induced supply shocks through the backward linkages from foreign upstream suppli-
ers to domestic downstream customers.
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Furthermore, the evidence shows that the extent of the involvement in Chinese GVCs is asso-
ciated with higher exposure to COVID-19 shock in partner countries. Namely, a high share of sup-
ply chain trade with China measured by GVC_China;, amplifies the transmission of COVID-19
shocks from the partner country resulting in lower domestic exports. This is indicated by the
significant and negative interaction term COVID cases;, x GVC_China;, (columns 5-6 in Table 3).
The effect of an initial supply shock in China and its transmission through GVCs is confirmed
also by Eppinger et al. (2020). Their results based on quantitative trade model suggest changes
in the range from —0.75% to 0.12% (some countries experienced adverse supply shock effects due
to apparent trade diversion) that are attributed to the GVC contagion from China supply shock,
while the counterfactual analysis of a ‘no GVC world’ suggests lesser welfare decrease in most of
the affected countries. The traditional regressors in the gravity model specifications, for example
distance and various country-pair dummy variables, all have the expected sign and are mostly
highly significant in all specifications.

In Table 5, we replace the number of COVID-19 cases with the index of policy stringency in
reporter and partner countries to assess how the lockdown and other measures contribute to the
disruption of trade flows. We find significant, negative effects of policy stringency in both the re-
porting and partner countries for bilateral exports and imports. The impact of the lockdown and
other policy measures in the partner country on lower exports and imports is built up through
the share of the supply-chain trade with China. However, no transmission is found through ei-
ther forward or backward linkages with the partner country, suggesting that trade and supply
chain linkages have not been the primary target of COVID-19 measures.

4.2 | Accounting for the supply-chain trade

We further analyse the trade effects by breaking down the exports and imports using the broad
economic purpose classification in Tables 6 and 7, respectively to address the supply-chain trade
effects. Here, we observe the difference between the intermediate, consumer and capital goods.
Overall, exports of consumer goods seem to be least affected by COVID-19 incidence at home
and in partner country throughout the first wave of COVID-19 pandemic and capital goods the
most. With consumer goods, we observe a greater negative impact of the pandemic in the origin
country compared to that of the destination country, similar to the results of Hayakawa and
Mukunoki (2021b). The negative impact of COVID-19 cases per capita persists up to 2 months
and is strongest with a one-month lag. As expected, the interaction term between COVID-19
cases in a destination country and forward GVC participation exhibits significant impact only
for the exports of intermediate goods providing further support for the supply chain transmis-
sion of COVID-19 induced shocks through forward GVC linkages (see columns from 1 through
4 in Table 6). This implies that an increase in the incidence of COVID-19 cases induces a bigger
decline of supply chain exports of intermediates to those destinations with which a country has
stronger forward linkages, that is to partner positioned further downstream. In other words, an
increase in bilateral FP amplifies the effect of COVID-19 cases in the destination country on the
decrease in exports of intermediate goods to that destination country. The results are robust to
the inclusion of the demanding monthly varying exporters’ and importers' fixed effects (columns
4,8 and 12 in Table 6).

In Table 7 we present the import breakdown by the product category. Observing the import
trade flows, the role of forward linkages as a channel for COVID-19 induced shocks is further
confirmed (columns 2, 9 and 10) for intermediate and capital goods, with changes to intermediate
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goods being on a lower scale and later than for the exports. This follows our notion that the de-
cline in imports through forward linkages comes after the decline in exports since producers do
not need the intermediate inputs because they need to reduce output. Again, there is no evidence
of the amplification effect of backward linkages for the COVID19 effect of the destination coun-
try on imports, except for the significantly negative effect found for imports of consumer goods
with the two-month lag where the monthly varying MRTs are accounted for (specification 8 in
Table 7).

4.3 | Robustness checks

Robustness check results are reported in Appendix A. First, Table Al reports regression re-
sults using a different approach to the country's GVC involvement. Here, we use the up-
streamness index that measures a country's bilateral GVC position based on the FP and BP
values. Results are in support of conclusions following from baseline results presented in
Tables 6 and 7 on the importance of forward linkages for the transmission of the COVID-19
shocks from partner countries to domestic country's exports of intermediate goods. Namely, a
significantly negative interaction term between upstreamness and COVID-19 cases in partner
country for this type of exports (column 1) indicates that the adverse impact of the serious-
ness of destination country's pandemic situation is larger the more upstream is the position of
the country in trade relations with the particular partner country, that is higher the forward
relative to backward participation. Moreover, such kind of shock transmission becomes sig-
nificant in this specification also in the case of imports of capital goods. While the bilateral
forward linkages channel is relevant for exports of intermediate goods and imports of capital
goods, exports of the other two categories, that is consumer and capital goods, are more re-
sponsive to the COVID-19 cases in the destination market when the country is more inten-
sively involved in supply chain trade with China.

We perform a second robustness check using the data from the OECD TiVA database to cal-
culate the corresponding GVC indices (see Table A2) which limits our sample to OECD partner
countries. The GVC indices are constructed in the same way as based on Eora dataset in previous
specifications, but here we use values of the GVC indices for 2015 given the non-availability of
the TiVA data for more recent years. Results confirm our previous findings on GVC contagion
effect through forward linkages. In fact, in this specification, the transmission of shocks through
forward linkages turns into significant for both export and imports of intermediate and consumer
goods with one-month-lagged values of COVID-19 cases in partner countries. Furthermore, using
the TiVA trade data, we get a statistically significant effect of backward linkages in transmitting
the supply chain shocks from partner countries resulting in a sharper drop in trade with capital
goods. Through these linkages, we provide evidence that the supply side shocks/disruptions are
transmitted from foreign upstream suppliers to downstream domestic importers. A country's re-
liance on foreign value added in exports will cause its imports and exports of capital goods to de-
crease following the increase in COVID-19 cases in partner countries. However, the interaction
term with BP is of the opposite sign for the exports of intermediate goods suggesting that certain
reorientation of exports of intermediate goods towards traditionally more upstream positioned
partners took place during the pandemic period.
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5 | CONCLUDING REMARKS

After several waves of COVID-19 outbreak, uncertainty regarding the future of international
trade and supply chain reorganisation remains. In this paper, we performed gravity model
analysis of final goods trade and supply chain trade of EU member states during the first wave
of COVID-19 pandemic to identify the transmission channels of the shocks caused by the
pandemic. To account for various mechanisms, we distinguish demand and supply shocks as
of either domestic or partner country origin. We further characterise the latter based on the
country's GVC position, thus accommodating for a possibility of transmission through for-
ward and backward linkages. We argue that the identified transmission channels of demand
shocks and forward linkages play an important role in the supply chain trade. Results show
that an increase in the incidence of COVID-19 cases induces a steeper decline of supply chain
exports of intermediates in those destinations with which a country has stronger forward
linkages, i.e. in partners positioned further downstream. Furthermore, a decrease in exports
of inputs is followed by a contraction in imports. Although our study demonstrates some of
the important GVC trade dynamics during the COVID-19 pandemic, we are aware that cer-
tain outcomes remain unexplained. This may be attributed to the limitations of the existing
model as well as to the current unavailability of important data. We, therefore, leave possible
extensions of the model for future work as some of our findings may have long-lasting effects
such as reshaping of the supply chains, whilst others will only be temporary. As some of the
findings suggest, identifying the proper cause is important in explaining the trade dynamics,
especially in a complex environment of GVCs. Thus, they should be recognised by policymak-
ers, as the policies ought to address the right causes for optimal outcomes, whether those
concern demand or supply side.
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